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RÉSUMÉ
La théorie moderne du cycle économique nécessite le développement de modèles
qui expliquent les faits stylisés. Pour que cette stratégie réussisse, ces faits doivent être
bien établis. Dans cet article, nous nous concentrons sur les faits stylisés des cycles
économiques internationaux. Nous utilisons la méthode généralisée des moments et des
données trimestrielles de dix-neuf pays industrialisés pour estimer les corrélations inter et
intra-pays des agrégats macroéconomiques. Nous calculons les erreurs types des
statistiques pour notre panel unique de données et testons des hypothèses concernant les
tailles relatives de ces corrélations. Nous trouvons une moindre corrélation inter-pays de
tous les agrégats, et particulièrement de la consommation, que dans les études
précédentes. Les corrélations inter-pays de la consommation, de l’output et des résidus de
Solow ne sont pas significativement différentes l’une de l’autre dans tout l’échantillon, mais
il y a des différences significatives dans le sous-échantillon post-1973.
Mots clés : cycles économiques internationaux, faits stylisés, méthode généralisée des
moments
ABSTRACT
Modern business cycle theory involves developing models that explain stylized
facts. For this strategy to be successful, these facts should be well established. In this
paper, we focus on the stylized facts of international business cycles. We use the
generalized method of moments and quarterly data from nineteen industrialized countries
to estimate pairwise cross-country and within-country correlations of macroeconomic
aggregates. We calculate standard errors of the statistics for our unique panel of data and
test hypotheses about the relative sizes of these correlations. We find a lower cross-
country correlation of all aggregates and especially of consumption than in previous
studies. The cross-country correlations of consumption, output and Solow residuals are
not significantly different from one another over the whole sample, but there are significant
differences in the post-1973 subsample.
Key words : international business cycles, stylized facts, generalized method of moments
4 Lqwurgxfwlrq
G|qdplf jhqhudo htxloleulxp +GJH, prghov kdyh ehhq txlwh vxffhvvixo lq uhsolfdwlqj d odujh qxpehu
ri wkh vw|ol}hg idfwv ri wkh exvlqhvv f|foh1 Surjuhvv lq exvlqhvv f|foh wkhru| kdv riwhq frph iurp
kljkoljkwlqj glvfuhsdqflhv ehwzhhq wkh suhglfwlrqv ri wkh prghov dqg wkh dffhswhg vw|ol}hg idfwv1
Lq d uhfhqw vxuyh| duwlfoh/ Edfnxv/ Nhkrh dqg N|godqg +4<<8/ khqfhiruwk ENN, glvfxvv wzr pdlq
sx}}olqj ihdwxuhv ri wkh gdwd rq lqwhuqdwlrqdo exvlqhvv f|fohv wkdw duh kdug iru GJH prghov wr
fdswxuh14
Iluvw/ wkhuh lv d txdqwlw| dqrpdo|1 Lq wkhlu gdwd vhw/ wkh furvv0frxqwu| fruuhodwlrq ri rxwsxw
lv jhqhudoo| kljkhu wkdq wkh furvv0frxqwu| fruuhodwlrq ri djjuhjdwh surgxfwlylw| +dv phdvxuhg e|
Vrorz uhvlgxdov,1 Lq vwdqgdug prghov/ wkh rughulqj ri wkh rxwsxw/ Vrorz uhvlgxdo dqg frqvxpswlrq
fruuhodwlrqv lv uhyhuvhg1 Ulvn vkdulqj ehwzhhq djhqwv lq glhuhqw frxqwulhv ohdgv wr kljk furvv0
frxqwu| fruuhodwlrqv ri djjuhjdwh frqvxpswlrq1 Lqfhqwlyhv wr xvh lqsxwv zkhuh wkh| duh prvw
surgxfwlyh riwhq ohdg wr qhjdwlyh furvv0frxqwu| fruuhodwlrqv ri rxwsxw1 Wkh vdph lqfhqwlyhv ohdg wr
qhjdwlyh furvv0frxqwu| fruuhodwlrqv ri lqyhvwphqw dqg hpsor|phqw lq vwdqgdug prghov> lq wkh ENN
gdwd vhw/ wkh furvv0frxqwu| fruuhodwlrqv ri wkhvh wzr yduldeohv duh jhqhudoo| srvlwlyh1
Vhfrqg/ wkhuh lv d sulfh dqrpdo|1 GJH prghov gr qrw jhqhudwh  xfwxdwlrqv lq wkh whupv ri
wudgh dv odujh dv wkrvh revhuyhg lq wkh gdwd1 Prghov zklfk uhvwulfw wkh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq grphvwlf dqg iruhljq jrrgv fdq jhqhudwh yrodwloh whupv ri wudgh/ exw dw wkh frvw ri d
frxqwhuidfwxdoo| orz yrodwlolw| ri wudgh edodqfhv1
Wkh jrdo ri wklv sdshu lv wr vxeplw wkh txdqwlw| dqrpdo| wr uljrurxv hfrqrphwulf hvwlpdwlrq
dqg whvwlqj1 Zh kdyh wzr pdlq prwlydwlrqv iru xqghuwdnlqj wklv wdvn1 Iluvw ri doo/ wkh vwdwlvwlfv
uhsruwhg e| ENN duh gudzq iurp d olplwhg vhw ri frxqwulhv15 Wkh| fdofxodwh furvv fruuhodwlrqv
ehwzhhq X1V1 djjuhjdwhv dqg wkhlu frxqwhusduwv lq wkh rwkhu frxqwulhv ri wkhlu vdpsoh1 Wkh X1V1
4Vhh dovr Ed{whu +4<<8, iru d eurdg vxuyh| ri lqwhuqdwlrqdo exvlqhvv f|foh prghov1
5Wkh| xvh txduwhuo| revhuydwlrqv iurp Dxvwudold/ Dxvwuld/ Fdqdgd/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq/ Vzlw}huodqg/
wkh Xqlwhg Nlqjgrp/ wkh Xqlwhg Vwdwhv/ dqg dq djjuhjdwh ri Hxurshdq frxqwulhv1
4
hfrqrp| lv qrw uhsuhvhqwdwlyh dprqj lqgxvwuldol}hg hfrqrplhv lq whupv ri erwk lwv vl}h dqg lwv
rshqqhvv1 Iru frpryhphqwv ehwzhhq rwkhu sdluv ri lqglylgxdo frxqwulhv ru jurxsv ri frxqwulhv/
wkh dqrpdo| pd| eh ohvv vwulnlqj1 Vhfrqg/ ENN gr qrw fdofxodwh frqghqfh lqwhuydov iru wkhlu
vwdwlvwlfv1 Frqvhtxhqwo|/ lw lv gl!fxow wr mxgjh zkhwkhu wkh txdqwlw| dqrpdo| lv d vwdwlvwlfdoo|
vljqlfdqw uhjxodulw|1 Lw lv dovr gl!fxow wr mxgjh zkhwkhu wkh prphqwv jhqhudwhg e| lqwhuqdwlrqdo
exvlqhvv f|foh prghov glhu vljqlfdqwo| iurp wkrvh lq wkh gdwd1
Zh xvh txduwhuo| gdwd iurp d xqltxh gdwd vhw zlwk qlqhwhhq lqgxvwuldol}hg frxqwulhv wr hvwlpdwh
furvv0frxqwu| dqg zlwklq0frxqwu| frpryhphqwv xvlqj whfkqltxhv edvhg rq wkh jhqhudol}hg phwkrg
ri prphqwv +JPP ,16 Zh fdofxodwh vwdqgdug huuruv iru doo ri rxu vwdwlvwlfv dqg shuirup k|srwkhvlv
whvwv rq wkh rughulqj ri nh| furvv0fruuhodwlrqv1
Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq wkh iroorzlqj vhfwlrq/ zh vxppdul}h wkh hylghqfh iurp
ENN dqg vxuyh| vrph uhfhqw duwlfohv rq lqwhuqdwlrqdo exvlqhvv f|fohv wkdw wdnh dv jlyhq wkh txdqwlw|
dqrpdo| iurp wkh ENN gdwd vhw1 Lq wkh wklug vhfwlrq/ zh ghvfuleh rxu hfrqrphwulf phwkrgrorj|
lq ghwdlo1 Lq wkh irxuwk vhfwlrq/ zh ghvfuleh rxu gdwd vdpsoh dqg suhvhqw rxu uhvxowv/ lqfoxglqj wkh
uhvxowv ri d vhulhv ri k|srwkhvlv whvwv1 Wkh iwk vhfwlrq frqfoxghv1
5 Wkh Txdqwlw| Dqrpdo| lq wkh Uhfhqw Lqwhuqdwlrqdo Exvlqhvv
F|foh Olwhudwxuh
Wkh vw|ol}hg idfwv ri lqwhuqdwlrqdo exvlqhvv f|fohv duh odujho| edvhg rq wkh vhplqdo frqwulexwlrqv
ri Edfnxv/ Nhkrh dqg N|godqg +4<<5,1 Wkh| exlog d wzr0frxqwu| GJH prgho dqg frpsduh wkh
prgho*v suhglfwlrqv frqfhuqlqj wkh furvv0fruuhodwlrqv ri pdfurhfrqrplf djjuhjdwhv zlwk wkh gdwd1
Wkh| vxppdul}h wkhlu uhvxowv dqg vxuyh| rshq0hfrqrp| GJH prghov lq wkhlu 4<<8 sdshu1
Wdeoh 4 suhvhqwv wkhlu hpslulfdo qglqjv rq furvv0fruuhodwlrqv1 Wkh| fdofxodwh wkh furvv0fruuhodwlrqv
ehwzhhq wkh vdph yduldeoh lq glhuhqw lqglylgxdo frxqwulhv dqg wkh X1V1/ dqg ehwzhhq wkh vdph ydul0
6Edfnxv dqg Nhkrh +4<<5, hvwlpdwh wkh furvv0fruuhodwlrqv ri rxwsxw xvlqj JPP whfkqltxhv dssolhg wr dqqxdo gdwd
rq qlqh glhuhqw frxqwulhv1 Wkh| uhsruw vwdqgdug huuruv iru lqglylgxdo frxqwu| sdluv exw gr qrw ghulyh wkh lpsolhg
vwdqgdug huuruv iru wkhlu hqwluh sdqho ri gdwd1
5
deoh iru dq djjuhjdwh ri Hxurshdq frxqwulhv dqg wkh X1V1 Zlwk wzr h{fhswlrqv/ wkh furvv0fruuhodwlrqv
ri rxwsxw duh kljkhu wkdq wkh furvv0fruuhodwlrqv ri whfkqrorj| vkrfnv dv phdvxuhg e| Vrorz uhvlg0
xdov1 Zlwkrxw h{fhswlrq/ wkh furvv0fruuhodwlrqv ri rxwsxw duh kljkhu wkdq wkh furvv0fruuhodwlrqv ri
frqvxpswlrq1 Zlwk rqo| wkuhh h{fhswlrqv/ wkh furvv0fruuhodwlrqv ri whfkqrorj| vkrfnv duh kljkhu
wkdq wkh furvv0fruuhodwlrqv ri frqvxpswlrq1 Edvhg rq wkhvh uhvxowv/ ENN frqfoxgh wkdw wkh iroorz0
lqj uhodwlyh rughulqj frqvwlwxwhv d vw|ol}hg idfw ri wkh lqwhuqdwlrqdo exvlqhvv f|foh=
fru+|> |W, A fru+}> }W, A fru+f> fW,> +4,
zkhuh |/ }/ dqg f duh uhvshfwlyho| rxwsxw/ wkh Vrorz uhvlgxdo dqg frqvxpswlrq/ dqg dvwhulvnv ghqrwh
iruhljq yduldeohv1 Wkh wdeoh dovr vkrzv wkdw wkh furvv0fruuhodwlrqv ri lqyhvwphqw dqg hpsor|phqw
duh jhqhudoo| srvlwlyh1 Wkhuh lv mxvw rqh h{fhswlrq zlwk lqyhvwphqw dqg wkhuh duh rqo| wzr h{fhswlrqv
zlwk hpsor|phqw1 Wkh odvw urz ri wkh wdeoh eulqjv rxw wkh glvfuhsdqf| ehwzhhq ENN*v edvholqh
prgho dqg wkhlu gdwd1 Wkhlu prgho suhglfwv wkh rssrvlwh rughulqj ri wkh furvv0fruuhodwlrqv ri
rxwsxw/ wkh Vrorz uhvlgxdo dqg frqvxpswlrq1 Wkh prgho dovr suhglfwv vwurqjo| qhjdwlyh furvv0
fruuhodwlrqv ri lqyhvwphqw dqg hpsor|phqw1 Ulvn vkdulqj lv wkh h{sodqdwlrq ri wkh kljk furvv0
fruuhodwlrq ri frqvxpswlrq1 Lq wkh edvholqh prgho/ wkhuh duh vwurqj lqfhqwlyhv wr xvh surgxfwlyh
lqsxwv pruh lqwhqvlyho| lq wkh frxqwu| ehqhwwlqj iurp d srvlwlyh surgxfwlylw| glhuhqwldo1 Wklv
ohdgv wr orz furvv0fruuhodwlrqv ri rxwsxw/ lqyhvwphqw dqg hpsor|phqw +wkh lpsdfw ri surgxfwlylw|
rq hpsor|phqw dulvhv sulpdulo| ehfdxvh ri dq lqwhuwhpsrudo vxevwlwxwlrq hhfw rq oderu vxsso|,1
Vhyhudo uhfhqw vwxglhv dwwhpsw wr exlog prghov frpsdwleoh zlwk wkhvh ihdwxuhv ri wkh gdwd1
Vrph surfhhg e| prgli|lqj wkh frqvwudlqwv rq wudghv dprqj djhqwv1 Nroopdqq +4<<5,/ Ed{whu dqg
Fuxflql +4<<8,/ dqg Khdwkfrwh dqg Shuul +4<<<, exlog prghov zlwk lqfrpsohwh dvvhw pdunhwv zklfk
uhgxfh wkh lqfhqwlyh iru ulvn vkdulqj1 Wkhvh dxwkruv qg wkdw lqfrpsohwh pdunhwv khos uhgxfh wkh
furvv0frxqwu| fruuhodwlrq ri frqvxpswlrq/ exw wkh furvv0frxqwu| fruuhodwlrqv ri rxwsxw/ lqyhvwphqw
dqg krxuv zrunhg uhpdlq frxqwhuidfwxdoo| qhjdwlyh1 Nhkrh dqg Shuul +4<<9, exlog d prgho lq zklfk
lqwhuqdwlrqdo ordqv duh qrw shuihfwo| hqirufhdeoh/ vr wkdw wkh ghjuhh ri pdunhw lqfrpsohwhqhvv lv
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hqgrjhqrxv1 Wkhlu prgho jhqhudwhv srvlwlyh furvv0frxqwu| frpryhphqwv ri rxwsxw/ lqyhvwphqw dqg
hpsor|phqw1 Ulfnhwwv dqg PfFxug| +4<<8, exlog d wzr0frxqwu| prgho zlwk prqh| dqg glhulqj
udwhv ri wuhqg surgxfwlylw| jurzwk dfurvv frxqwulhv1 Lq wkh yhuvlrq ri wkhlu prgho lq zklfk wkhuh
lv qr lqwhuqdwlrqdo wudgh lq lqyhvwphqw jrrgv/ vr wkdw lqyhvwphqw jrrgv lq d jlyhq frxqwu| pxvw
eh surgxfhg lq wkh vdph frxqwu|/ wkh| rewdlq d uhodwlyh rughulqj ri wkh furvv0frxqwu| fruuhodwlrqv
wkdw lv frpsdwleoh zlwk wkh gdwd xvhg e| ENN1
Rwkhu vwxglhv prgli| wkh vshflfdwlrq ri djhqwv* suhihuhqfhv1 Ghyhuhx{/ Juhjru| dqg Vplwk
+4<<5, ghyhors d prgho zlwk d sduwlfxodu w|sh ri qrqvhsdudelolw| ehwzhhq frqvxpswlrq dqg ohlvxuh1
Wkh| vxffhhg lq orzhulqj wkh furvv0frxqwu| fruuhodwlrq ri frqvxpswlrq1 Vwrfnpdq dqg Whvdu +4<<8,
lqwurgxfh qrqwudghg jrrgv vhfwru lq hdfk frxqwu|/ dqg vxffhhg lq orzhulqj wkh furvv0frxqwu| fru0
uhodwlrq ri frqvxpswlrq zkloh udlvlqj wkh furvv0frxqwu| fruuhodwlrq ri rxwsxw= wkh| gr qrw frqvlghu
wkh furvv0frxqwu| fruuhodwlrqv ri lqyhvwphqw ru krxuv zrunhg1 Wkh| dovr lqwurgxfh wdvwh vkrfnv
wkdw glvsodfh suhihuhqfhv ehwzhhq wudghg dqg qrqwudghg jrrgv lq rughu wr lqfuhdvh wkh suhglfwhg
yduldelolw| ri erwk wkh whupv ri wudgh dqg wkh wudgh edodqfh1 Wkh txdqwlw| dqrpdo| uhpdlqv iru wkh
wudghg jrrgv vhfwruv1 Ilqdoo|/ Fdqryd dqg Xelgh +4<<;, ghyhors d wzr0frxqwu| prgho zlwk krph
surgxfwlrq1 Wkhlu uhvxowv lqglfdwh wkdw wkhlu prgho fdq jhqhudwh furvv0frxqwu| fruuhodwlrqv ri rxw0
sxw vlplodu wr wkrvh ri frqvxpswlrq/ dqg wkdw lw fdq jhqhudwh srvlwlyh furvv0frxqwu| fruuhodwlrqv ri
lqyhvwphqw dqg hpsor|phqw1
Frvwhoor dqg Sudvfkqlfn +4<<6, ghyhors d wzr0frxqwu| prgho zklfk glvdjjuhjdwhv hdfk hfrqrp|
lqwr rqh vhfwru zklfk surgxfhv dq lqwhuphgldwh jrrg dqg d vlqjoh qdo jrrgv vhfwru1 Wkh qdo jrrgv
lq wkh wzr frxqwulhv duh shuihfw vxevwlwxwhv1 Zlwk frpsohwh pdunhwv dqg vhsdudelolw| ehwzhhq
ohlvxuh dqg frqvxpswlrq lq wkh xwlolw| ixqfwlrq/ frqvxpswlrq lv shuihfwo| fruuhodwhg dfurvv wkh
wzr frxqwulhv1 Wkhlu prgho suhglfwv d kljkhu furvv fruuhodwlrq ri rxwsxw wkdq wkh ENN prgho1
Wkh sdshu grhv qrw h{dplqh wkh furvv0frxqwu| fruuhodwlrqv ri lqyhvwphqw dqg hpsor|phqw/ zklfk
duh lpsruwdqw dvshfwv ri wkh txdqwlw| dqrpdo| grfxphqwhg lq ENN1 Khdg +4<<:, exlogv d wzr0
frxqwu| prgho zlwk glhuhqwldwhg lqwhuphgldwh jrrgv dqg prqrsrolvwlf frpshwlwlrq1 Kh vkrzv
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wkdw lqfuhdvlqj uhwxuqv wr wkh ydulhw| ri lqwhuphgldwh jrrgv fdq ohdg wr d srvlwlyh lqwhuqdwlrqdo
wudqvplvvlrq ri wkh exvlqhvv f|foh1 Nrxsdulwvdv +4<<9, vwxglhv d wzr0frxqwu| prgho zlwk d sulpdu|
jrrgv vhfwru +zkrvh rxwsxw lv xvhg dv dq lqwhuphgldwh lqsxw lq pdqxidfwxulqj,/ d pdqxidfwxulqj
vhfwru zkrvh rxwsxw lv wudghg/ dqg d qrqwudgdeoh vhuylfhv vhfwru wr h{dplqh wkh lpsolfdwlrqv ri
lqfuhdvlqj Qruwk0Vrxwk wudgh lq qdqfldo dvvhwv1 Sdun +4<<;, dqdo|}hv d prgho zlwk wudgdeoh
dqg qrqwudgdeoh lqyhvwphqw dqg frqvxpswlrq jrrgv1 Klv prgho jhqhudwhv srvlwlyh furvv0frxqwu|
fruuhodwlrqv ri djjuhjdwh rxwsxw dqg d furvv0frxqwu| fruuhodwlrq ri frqvxpswlrq zklfk lv orzhu
wkdq wkdw ri rxwsxw1 Dpeohu/ Fdugld dqg ]lpphupdqq +4<<;, exlog d wzr0frxqwu| prgho zlwk
pxowlsoh wudgdeoh jrrgv vhfwruv1 Wkh prgho lv uhodwlyho| vxffhvvixo lq pdwfklqj wkh furvv0frxqwu|
fruuhodwlrqv ri prvw djjuhjdwhv/ zlwk wkh h{fhswlrq ri frqvxpswlrq1
6 Phwkrgrorj|
Zh xvh JPP wr hvwlpdwh vlpsoh fruuhodwlrqv dqg furvv0frxqwu| fruuhodwlrqv1 Wkh srlqw hvwlpdwhv
iru rxu hqwluh sdqho ri gdwd duh jhqhudwhg dv iroorzv1 Iru d jlyhq vwdwlvwlf/ zh hvwlpdwh lwv ydoxh
iru doo ri wkh frxqwulhv lq rxu vdpsoh +vlpsoh fruuhodwlrqv, ru iru doo ri wkh srvvleoh xqltxh frxqwu|
sdluv lq wkh vdpsoh +furvv0fruuhodwlrqv,> iru rxu qlqhwhhq0frxqwu| vdpsoh/ wkhuh duh 4:4 vxfk furvv0
fruuhodwlrqv1 Lq idfw/ zh hvwlpdwh wkh vlpsoh fruuhodwlrqv dqg furvv0fruuhodwlrqv wzr dw d wlph
lq rughu wr rewdlq hvwlpdwhv ri wkhlu yduldqfhv dqg fryduldqfhv xvlqj vwdqgdug JPP whfkqltxhv1
Zh xvh txduwhuo| gdwd/ zlwk d edvh vdpsoh wkdw uxqv iurp 4<93=4 wr 4<<4=51 Qrw doo vhulhv duh
dydlodeoh iru wkh hqwluh vdpsoh1 Iru d jlyhq vwdwlvwlf/ zh xvh wkh odujhvw dydlodeoh vxevdpsoh lq rxu
fdofxodwlrqv1
Zh wkhq ghulyh d srlqw hvwlpdwh iru rxu hqwluh sdqho ri frxqwulhv e| wdnlqj d zhljkwhg dyhudjh ri
wkh lqglylgxdo fruuhodwlrq hvwlpdwhv dffruglqj wr d zhljkwlqj vfkhph1 Zh xvh vl{ glhuhqw zhljkwlqj
vfkhphv1 Wkh vlpsoh zhljkwlqj vfkhph jlyhv wkh vdph zhljkw wr hdfk fruuhodwlrq vwdwlvwlf1 Wkh
JGS zhljkwlqj vfkhph zhljkwv wkh lqglylgxdo vwdwlvwlfv e| frxqwulhv* uhdo 4<;8 JGSv iurp wkh
Vxpphuv dqg Khvwrq +4<<4, gdwd vhw1 Wkh wudgh zhljkwlqj vfkhph xvhv wkh vl}h ri frxqwulhv*
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h{whuqdo vhfwruv dv phdvxuhg e| wkhlu uhdo JGS pxowlsolhg e| wkh vkduh ri lpsruwv lq JGS1 Wkh
wkuhh rwkhu zhljkwlqj vfkhphv fruuhvsrqg wr wkh uvw wkuhh/ exw pxowlsolhg dovr e| wkh qxpehu ri
revhuydwlrqv xvhg wr fdofxodwh wkh fruuhodwlrq1 Iru furvv0fruuhodwlrqv/ wkh zhljkwv ri wkh wzr uhohydqw
frxqwulhv duh pxowlsolhg zlwk hdfk rwkhu1 Iru vlpsoh fruuhodwlrqv/ wkh hvwlpdwh ri wkh fruuhodwlrq
vwdwlvwlf  lv fdofxodwhg dv irorzv=
 @
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z> +5,
zkhuh  lv wkh fruuhodwlrq vwdwlvwlf iru wkh l
| frxqwu|/ z lv wkh zhljkw dssolhg wr wklv fruuhodwlrq
vwdwlvwlf/ dqg Q lv wkh qxpehu ri frxqwulhv lq wkh vdpsoh1 Iru furvv0fruuhodwlrqv/ wkh vwdwlvwlf ! lv
fdofxodwhg dv iroorzv=
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zz! > +6,
zkhuh ! lv wkh furvv0fruuhodwlrq vwdwlvwlf ehwzhhq wkh l
| dqg m| frxqwulhv dqg zkhuh wkh vxppd0
wlrq lv ryhu doo ri wkh xqltxh furvv0fruuhodwlrqv luuhvshfwlyh ri rughulqj1
Jlyhq hvwlpdwhv ri wkh yduldqfhv ri wkh lqglylgxdo vlpsoh fruuhodwlrqv dqg furvv0fruuhodwlrqv/
dqg hvwlpdwhv ri doo ri wkh srvvleoh fryduldqfhv dprqj vlpsoh fruuhodwlrqv dqg furvv0fruuhodwlrqv/
wkh vwdqgdug huuru iru d jlyhq vwdwlvwlf lv fdofxodwhg dv iroorzv1 Iru vlpsoh fruuhodwlrqv/ zh kdyh=
ydu+, @ ydu
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D > +7,
zkhuh
S
 lv wkh vxppdwlrq ryhu doo ri wkh xqltxh fruuhodwlrq sdluv luuhvshfwlyh ri rughulqj1 Iru
furvv0fruuhodwlrqv/ zh kdyh=
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D > +8,
zkhuh
S
 lv wkh vxppdwlrq ryhu doo ri wkh xqltxh furvv0fruuhodwlrqv iru rxu vdpsoh/ dqg
S
c&,
lv wkh vxppdwlrq ryhu doo ri wkh xqltxh sdluv ri furvv0fruuhodwlrqv luuhvshfwlyh ri rughulqj iru rxu
vdpsoh1
Zh xvh d fkl0vtxduhg whvw wr ghwhuplqh wkh vljqlfdqfh ri d glhuhqfh ehwzhhq wzr jlyhq furvv0
fruuhodwlrq vwdwlvwlfv1 Wkh vwdwlvwlf fdq eh fdofxodwhg dv=
fklvwdw @
+fru+{> {W, fru+|> |W,,2
ydu+fru+{> {W,, . ydu+fru+|> |W,,
> +9,
zkhuh fru+{> {W, dqg fru+|> |W, duh wzr glhuhqw furvv0fruuhodwlrq vwdwlvwlfv iru wkh djjuhjdwhv { dqg
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7 Uhvxowv dqg K|srwkhvlv Whvwv
714 Uhvxowv
Wdeoh 5 vkrzv wkh uhvxowv ri hvwlpdwhv ri d qxpehu ri zlwklq0frxqwu| fruuhodwlrqv1 Wkh wdeoh
frqupv wkh urexvwqhvv ri wkh vw|ol}hg idfwv idploldu iurp forvhg0hfrqrp| exvlqhvv f|foh prghov1
Wkh fruuhodwlrqv ehwzhhq JGS dqg frqvxpswlrq dqg ehwzhhq JGS dqg lqyhvwphqw doo kdyh yhu|
orz vwdqgdug huuruv1 JGS dqg wkh wudgh edodqfh duh vljqlfdqwo| qhjdwlyho| fruuhodwhg1 Wkh
hvwlpdwhv duh forvh wr wkrvh lq ENN dqg frqup wkdw wklv vw|ol}hg idfw lv vljqlfdqw1 Wkh srlqw
hvwlpdwh ri wkh fruuhodwlrq ehwzhhq JGS dqg wkh whupv ri wudgh lv qhjdwlyh iru doo ri wkh zhljkwlqj
vfkhphv/ exw wkh fruuhodwlrq lv qhyhu vljqlfdqw dw frqyhqwlrqdo ohyhov1
Wkh fruuhodwlrq ehwzhhq wkh whupv ri wudgh dqg wkh wudgh edodqfh lv qhjdwlyh/ exw lwv ydoxh
lv txlwh vhqvlwlyh wr wkh zhljkwlqj vfkhph1 Iru wkh JGS dqg JGS2revhuydwlrqv zhljkwv/ wkh
fruuhodwlrq lv lqvljqlfdqw1 Wklv uhvxow uh hfwv wkh uroh ri wkh X1V1 dv dq rxwolhu lq rxu gdwd vhw1
Wkh fruuhodwlrq ehwzhhq wkh whupv ri wudgh dqg wkh wudgh edodqfh lv srvlwlyh lq wkh X1V1 dqg qhjdwlyh
7
Wkh ghqrplqdwru jlyhv wkh yduldqfh ri wkh udqgrp yduldeoh lq wkh qxphudwru1 Zh ljqruh wkh fryduldqfh ehwzhhq
wkh wzr furvv0fruuhodwlrqv/ zklfk zrxog eh h{wuhpho| oderulrxv wr frpsxwh1
:
ru forvh wr }hur iru prvw rwkhu frxqwulhv1 Zkhq X1V1 revhuydwlrqv duh jlyhq pruh zhljkw ehfdxvh
ri wkh vl}h ri X1V1 JGS/ wkh fruuhodwlrq iru wkh hqwluh sdqho ri frxqwulhv ehfrphv lqvljqlfdqw1
Wdeoh 6 vkrzv wkh uhvxowv ri hvwlpdwhv ri wkh M0fxuyh zlwk rxu srrohg vdpsoh ri revhuydwlrqv1
Wkh uhvxowv lqglfdwh wkdw wkh M0fxuyh lv d idluo| urexvw vw|ol}hg idfw18 Wkh frqwhpsrudqhrxv fruuh0
odwlrqv ehwzhhq wkh whupv ri wudgh dqg wkh wudgh edodqfh duh vljqlfdqwo| qhjdwlyh +h{fhsw zkhq
revhuydwlrqv duh zhljkwhg e| rxwsxw,1 Wkh fruuhodwlrq ehwzhhq wkh whupv ri wudgh dqg wkh wudgh
edodqfh wzr ru pruh shulrgv odwhu lv vljqlfdqwo| srvlwlyh dw vwdqgdug ohyhov +h{fhsw iru wkh fruuh0
odwlrq zlwk wkh wudgh edodqfh dw w.5 zlwk wkh vlpsoh zhljkwlqj vfkhph/ zklfk lv vljqlfdqw dw wkh
43( ohyho,1
Wdeoh 7 suhvhqwv wkh fruh uhvxowv ri wkh sdshu/ ghdolqj zlwk wkh furvv0fruuhodwlrqv ri glhuhqw
pdfurhfrqrplf djjuhjdwhv1 Wkh uvw wkuhh froxpqv ri wkh wdeoh vkrz furvv0fruuhodwlrqv iru wkh
hqwluh vdpsoh zlwk wkh uvw wkuhh zhljkwlqj vfkhphv1 Wkh uhvxowv zlwk wkh odvw wkuhh zhljkwlqj
vfkhphv duh yhu| vlplodu +zkhuh wkh qxpehu ri revhuydwlrqv lv wdnhq lqwr dffrxqw,/ vr zh gr qrw
uhsruw wkhp19 Wkh odvw wkuhh froxpqv vkrz furvv0fruuhodwlrqv zkhq wkh vdpsoh lv wuxqfdwhg wr
4<:6=404<<4=51 Wkh vwduwlqj gdwh ri wkh vxevdpsoh frlqflghv zlwk wkh uvw RSHF rlo vkrfn dqg
wkh froodsvh ri wkh Euhwwrq Zrrgv v|vwhp1 Wkhuh lv vrph hylghqfh wkdw wkh surshuwlhv ri wkh
lqwhuqdwlrqdo exvlqhvv f|foh fkdqjhg lq 4<:6 +wklv lv frquphg e| wkh uhvxowv lq Wdeoh 441: ri
ENN,/ vr lw lv lpsruwdqw wkdw zh lqyhvwljdwh wkh vhqvlwlylw| ri rxu uhvxowv wr wkh vdpsoh shulrg1
Doo wkh fruuhodwlrqv lq Wdeoh 7 duh ri d vlplodu rughu ri pdjqlwxgh1 Wkh orzhvw fruuhodwlrq
frh!flhqw lv htxdo wr 3147 +wkh furvv0fruuhodwlrq ri frqvxpswlrq zlwk wkh vlpsoh zhljkwlqj vfkhph,1
Wkh kljkhvw lv htxdo wr 317< +wkh furvv0fruuhodwlrq ri rxwsxw zkhq revhuydwlrqv duh zhljkwhg e|
JGS,1 Iru wkh ixoo vdpsoh/ wkh furvv0fruuhodwlrqv ri frqvxpswlrq/ JGS dqg whfkqrorj| vkrfnv duh
lq prvw fdvhv zlwklq wzr vwdqgdug ghyldwlrqv ri rqh dqrwkhu1 Wklv qr orqjhu krogv iru wkh srvw04<:6
vxevdpsoh1 Iru wkh ixoo vdpsoh/ wkh kljkhvw furvv0fruuhodwlrq ri rxwsxw +3164 zkhq revhuydwlrqv duh
8Iru d wkhruhwlfdo dqdo|vlv/ vhh Edfnxv/ Nhkrh dqg N|godqg +4<<7/ 4<<8,1
9Wkh| duh dydlodeoh rq uhtxhvw1
;
zhljkwhg e| JGS, lv orzhu wkdq wkh vpdoohvw ydoxh uhsruwhg e| ENN/ zklfk lv wkh fruuhodwlrq
ehwzhhq Dxvwuldq dqg X1V1 rxwsxw1 Iru wkh srvw04<:6 vxevdpsoh/ wkh kljkhvw furvv0fruuhodwlrq ri
rxwsxw +317< zkhq revhuydwlrqv duh zhljkwhg e| JGS, lv ohvv wkdq wkh phgldq ydoxh ri rxwsxw
furvv0fruuhodwlrqv lq Wdeoh 41
Wdeoh 8 rujdql}hv wkh uhvxowv lq d voljkwo| glhuhqw zd|1 Zh vwduw e| rughulqj wkh sdluzlvh furvv0
frxqwu| fruuhodwlrq vwdwlvwlfv1 Zh uhsruw wkh ydoxh ri wkh jlyhq fruuhodwlrq frh!flhqw iru wkh frxqwu|
sdlu dw wkh 58( txdqwloh ohyho/ wkh 83( txdqwloh ohyho/ dqg wkh :8( txdqwloh ohyho1 Dv iru Wdeoh 6/
zh uhsruw uhvxowv iru wkh uvw wkuhh zhljkwlqj vfkhphv iru erwk wkh ixoo vdpsoh dqg wkh srvw04<:6
vxevdpsoh1 Wklv wdeoh eulqjv rxw pruh fohduo| wkh yduldelolw| ri wkh fruuhodwlrq frh!flhqwv dfurvv
wkh frxqwulhv ri wkh vdpsoh1 Lw vkrzv wkdw iru prvw ri wkh fruuhodwlrq vwdwlvwlfv/ wkh glhuhqfhv duh
juhdwhu dw wkh orzhu hqg ri wkh glvwulexwlrq1 Wklv dovr vkrzv wkdw d qrq0qhjoljleoh vkduh ri wkh
furvv0fruuhodwlrqv lv qhjdwlyh1
715 Whvw Uhvxowv
Wdeoh 9 vkrzv uhvxowv iru d edwwhu| ri k|srwkhvlv whvwv1 Wkh whvwv duh ghvljqhg wr uhyhdo zkhwkhu
wkh txdqwlw| dqrpdo| lv vwdwlvwlfdoo| vljqlfdqw ru qrw1 Wkh iroorzlqj qxoo k|srwkhvhv duh whvwhg
djdlqvw wzr0vlghg dowhuqdwlyhv=:
41 Kf = fru+|> |
W, @ fru+f> fW,
51 Kf = fru+|> |
W, @ fru+}> }W,
61 Kf = fru+}> }
W, @ fru+f> fW,
71 Kf = fru+|> |
W, @ fru+q> qW,
81 Kf = fru+|> |
W, @ fru+l> lW,
Zh vkrz uhvxowv iru wkh uvw wkuhh zhljkwlqj vfkhphv iru wkh ixoo vdpsoh dqg wkh srvw04<:6
vxevdpsoh1
:Vlqfh wkh whvw vwdwlvwlf lv txdgudwlf/ zh fdqqrw shuirup d rqh0vlghg whvw djdlqvw wkh prvw qdwxudo dowhuqdwlyh1
<
Wkh uhvxowv vkrz wkdw wkh txdqwlw| dqrpdo|/ li lw lv lqwhusuhwhg wr phdq wkh uhodwlyh rughulqj
ri wkh rxwsxw/ whfkqrorj|/ dqg frqvxpswlrq fruuhodwlrqv/ lv qrw vwdwlvwlfdoo| vljqlfdqw iru wkh ixoo
vdpsoh1 Wkh rqo| vwdwlvwlf wkdw lv vljqlfdqw dw wkh yh shufhqw ohyho lv iru wkh htxdolw| ri wkh
furvv0fruuhodwlrqv ri rxwsxw dqg frqvxpswlrq zlwk wkh wkh vlpsoh zhljkwlqj vfkhph1
Wkh whvw uhvxowv duh txlwh glhuhqw iru wkh srvw04<:6 vxevdpsoh1 Iru hdfk ri wkh wkuhh zhljkwlqj
vfkhphv/ zh fdq uhmhfw wkh htxdolw| ri wkh furvv0fruuhodwlrqv ri rxwsxw dqg frqvxpswlrq dw wkh rqh
shufhqw ohyho1 Vlqfh wkh srlqw hvwlpdwhv ri wkh furvv0fruuhodwlrq ri rxwsxw duh kljkhu wkdq wkrvh ri
frqvxpswlrq/ wkh hylghqfh vxjjhvwv wkdw wkh furvv0fruuhodwlrq ri frqvxpswlrq lv vljqlfdqwo| orzhu
wkdq wkh furvv0fruuhodwlrq ri rxwsxw1 Zlwk wkh JGS zhljkwlqj vfkhph/ zh fdq uhmhfw wkh htxdolw|
ri wkh frqvxpswlrq dqg Vrorz0uhvlgxdo fruuhodwlrqv dw rqh shufhqw/ dqg zh fdq uhmhfw wkh vdph qxoo
k|srwkhvlv dw yh shufhqw zlwk wkh wudgh zhljkwlqj vfkhph1 Zh fdq uhmhfw htxdolw| ehwzhhq wkh
furvv0fruuhodwlrqv ri Vrorz uhvlgxdov dqg rxwsxw lq rqh fdvh rqo|/ zlwk wkh vlpsoh zhljkwlqj vfkhph1
Wkhvh uhvxowv whqg wr vxssruw wkh k|srwkhvlv wkdw wkh txdqwlw| dqrpdo| lv vwdwlvwlfdoo| vljqlfdqw1
Wdeoh 9 dovr jlyhv dq lghd ri krz riwhq wkh txdqwlw|0dqrpdo| rughulqj ri furvv0fruuhodwlrqv lv
uhvshfwhg lq rxu gdwd vhw1 Wkh odvw urz ri wkh wdeoh lqglfdwhv wkdw wkh rughulqj krogv lq dw prvw 6:
shufhqw ri wkh frxqwu| sdluv lq rxu vdpsoh/ ru dv ihz dv 63 shufhqw ri wkh frxqwu| sdluv/ ghshqglqj
rq wkh zhljkwlqj vfkhph/ iru wkh hqwluh vdpsoh1 Wkh uhyhuvh rughulqj krogv iru rqo| irxu shufhqw ri
wkh frxqwu| sdluv lq rxu vdpsoh iru wkh hqwluh vdpsoh1 Iru wkh srvw04<:6 vxevdpsoh/ wkh shufhqwdjh
ri frxqwu| sdluv uhvshfwlqj wkh txdqwlw| dqrpdo| rughulqj lqfuhdvhv/ zkloh wkh shufhqwdjh ri frxqwu|
sdluv uhvshfwlqj wkh uhyhuvh rughulqj ghfuhdvhv wr rqh shufhqw iru wkh JGS dqg wudgh zhljkwlqj
vfkhphv1
8 Frqfoxvlrqv
Rxu uhvxowv vkrz wkdw wkh txdqwlw| dqrpdo| vkrxog eh uhlqwhusuhwhg1 Wkh txdqwlwdwlyho| dqrpdo|
grhv vhhp wr eh vljqlfdqw lq wkh gdwd/ exw rqo| iru wkh shulrg diwhu 4<:61 Wklv pd| eh gxh wr
wkh fkdqjh lq h{fkdqjh udwh uhjlph/ wr wkh juhdwhu lpsruwdqfh ri uhdo vkrfnv vlqfh wkh uvw rlo
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sulfh vkrfn/ ru wr lqfuhdvlqj fdslwdo prelolw| diwhu 4<:61 Wkh furvv0fruuhodwlrqv zh fdofxodwh duh
jhqhudoo| orzhu wkdq lq wkh ENN gdwd vhw1 Iru lqyhvwphqw dqg hpsor|phqw/ wklv ghfuhdvhv wkh
glvfuhsdqf| ehwzhhq wkh suhglfwlrqv ri vwdqgdug GJH prghov dqg wkh gdwd1 Krzhyhu/ uhsolfdwlqj
wkh furvv0frxqwu| fruuhodwlrq ri frqvxpswlrq zloo uhpdlq d vljqlfdqw fkdoohqjh iru GJH prghov
dv orqj dv d kljk ghjuhh ri ulvn vkdulqj lv srvvleoh lq wkh prghov1 Rxu uhvxowv vxjjhvw wkdw wkh
glyhujhqfh ehwzhhq wkh furvv0frxqwu| fruuhodwlrqv ri frqvxpswlrq suhglfwhg e| vwdqgdug prghov
dqg lq wkh gdwd lv dfwxdoo| odujhu wkdq suhylrxvo| wkrxjkw1
Pruh jhqhudoo|/ rxu uhvxowv vxjjhvw wkdw uhvhdufkhuv vkrxog vxemhfw vw|ol}hg idfwv wr uljrurxv
k|srwkhvlv whvwlqj1 Lq dgglwlrq/ wkh| vkrxog eh whvw iru wkh vwdelolw| ri uhodwlrqvklsv lq wkh gdwd
dfurvv frxqwulhv dqg dfurvv wlph1 Vw|ol}hg idfwv pd| qrw eh dv xqlyhuvdoo| dssolfdeoh dv lv riwhq
dvvxphg1 Wkh idfwv kljkoljkwhg e| ENN pd| eh dssursuldwh iru dq lqwhuqdwlrqdo prgho fdoleudwhg
wr d uhodwlyho| forvhg hfrqrp| olnh wkh X1V1 Vwxg|lqj rwkhu frxqwulhv pd| uhtxluh glhuhqw prghov
dqg d glhuhqw vhw ri vw|ol}hg idfwv1 Oxfdv* +4<::, fodlp wkdw doo exvlqhvv f|fohv duh dolnh pd| qrw
eh wuxh lq lqwhuqdwlrqdo hfrqrplfv1
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Dsshqgl{= Gdwd Vrxufhv
Wkh gdwd duh wkh vdph dv wkrvh lq ]lpphupdqq +4<<8,1 Wkh gdwd dsshqgl{ wr wkdw sdshu frqwdlqv
ixuwkhu ghwdlov1
Wkh qlqhwhhq frxqwulhv lq wkd vdpsoh duh= Dxvwudold/ Dxvwuld/ Fdqdgd/ Ghqpdun/ Ilqodqg/
Iudqfh/ Jhupdq|/ Juhhfh/ Lwdo|/ Mdsdq/ Qhwkhuodqgv/ Qruzd|/ Sruwxjdo/ Vrxwk Diulfd/ Vsdlq/ Vzh0
ghq/ Vzlw}huodqg/ Xqlwhg Nlqjgrp/ Xqlwhg Vwdwhv1 Zlwk vrph h{fhswlrqv/ wkh gdwd duh txduwhuo|
iurp 4<93=4 wr 4<<4=51 Wkh gdwd duh iurp wkh RHFG Pdlq Hfrqrplf Lqglfdwruv dqg wkh RHFG
Txduwhuo| Qdwlrqdo Dffrxqwv/ zlwk wkh iroorzlqj h{fhswlrqv1
 Dxvwudold= hpsor|phqw gdwd duh iurp wkh Dxvwudoldq Exuhdx ri Vwdwlvwlfv1
 Ghqpdun= wkh gdwd duh iurp wkh PRQD gdwdedvh ri wkh Gdqpdunv Qdwlrqdoedqn1
 Ilqodqg= wkh gdwd duh iurp Vxrphq Sdqnnl2Ilqodqgv Edqn1
 Iudqfh= hpsor|phqw gdwd duh iurp wkh Lqvwlwxw qdwlrqdo gh od vwdwlvwltxh/ Ìwxghv ìfrqrpltxhv1
 Juhhfh= gdwd duh iurp wkh Dwkhqv Lqvwlwxwh ri Hfrqrplf Srolf| Vwxglhv1
 Mdsdq= gdwd duh iurp wkh Edqn ri Mdsdq1
 Qhwkhuodqgv= gdwd duh iurp wkh Fhqwudo Sodqqlqj Exuhdx1
 Qruzd|= gdwd duh iurp wkh Vwdwlvwlvn Vhqwudoe|uè1
 Vrxwk Diulfd= gdwd duh iurp wkh Vrxwk Diulfdq Uhvhuyh Edqn1
 Vsdlq= gdwd duh iurp wkh Lqvwlwxwr qdflrqdo gh hvwdglvwlfd1
 Vzhghq= gdwd duh iurp wkh Vwdwlvwlvnd Fhqwudoe|uè1
 Vzlw}huodqg= gdwd duh iurp wkh R!fh iìgìudo ghv txhvwlrqv frqmrqfwxuhoohv1
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Uhihuhqfhv
Dpeohu/ Vwhyh/ Hpdqxhod Fdugld dqg Fkulvwldq ]lpphupdqq +4<<;,/ Lqwhuqdwlrqdo Wudqvplvvlrq
ri wkh Exvlqhvv F|foh lq d Pxowl0Vhfwrudo Prgho/ zrunlqj sdshu 95/ FUHIH/ Xqlyhuvlwì gx Txìehf
ã Prqwuìdo
Edfnxv/ Gdylg dqg Sdwulfn Nhkrh +4<<5,/ Lqwhuqdwlrqdo Hylghqfh rq wkh Klvwrulfdo Surshuwlhv ri
Exvlqhvv F|fohv/ Dphulfdq Hfrqrplf Uhylhz ;5/ ;970;;;
Edfnxv/ Gdylg/ Sdwulfn Nhkrh dqg Ilqq N|godqg +4<<5,/ Lqwhuqdwlrqdo Uhdo Exvlqhvv F|fohv/
Mrxuqdo ri Srolwlfdo Hfrqrp| 434/ :780::8
Edfnxv/ Gdylg/ Sdwulfn Nhkrh dqg Ilqq N|godqg +4<<7,/ G|qdplfv ri wkh Wudgh Edodqfh dqg wkh
Whupv ri Wudgh= Wkh M0FxuyhB/ Dphulfdq Hfrqrplf Uhylhz ;7/ ;70436
Edfnxv/ Gdylg/ Sdwulfn Nhkrh dqg Ilqq N|godqg +4<<8,/ Lqwhuqdwlrqdo Exvlqhvv F|fohv= Wkhru|
dqg Hylghqfh/ lq Wkrpdv I1 Frroh|/ hg1/ Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk +Sulqfhwrq/ QM/
Sulqfhwrq Xqlyhuvlw| Suhvv, 6640689
Ed{whu/ Pduldqqh +4<<8,/ Lqwhuqdwlrqdo Wudgh dqg Exvlqhvv F|fohv/ lq Jhqh P1 Jurvvpdq dqg
Nhqqhwk Urjr/ hgv1/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv y16 +Dpvwhugdp/ Qruwk Kroodqg, 4;340
4;97
Ed{whu/ Pduldqqh dqg Pdulr Fuxflql +4<<8,/ Exvlqhvv F|fohv dqg wkh Dvvhw Vwuxfwxuh ri Iruhljq
Wudgh/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 69/ ;540;87
Fdqryd/ Idelr dqg Dqjho Xelgh +4<<;,/ Krxvhkrog Surgxfwlrq dqg Lqwhuqdwlrqdo Exvlqhvv F|fohv/
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 55/ 87808:5
Frvwhoor/ Grqqd dqg Mdfn Sudvfkqln +4<<6,/ Lqwhuphgldwh Jrrgv dqg wkh Wudqvplvvlrq ri Lqwhu0
qdwlrqdo Exvlqhvv F|fohv/ plphr/ Xqlyhuvlw| ri Zhvwhuq Rqwdulr
Ghyhuhx{/ Plfkdho/ Doodq Juhjru| dqg Juhjru Vplwk +4<<5,/ Uhdolvwlf Furvv0Frxqwu| Frqvxps0
wlrq Fruuhodwlrqv lq d Wzr0Frxqwu|/ Htxloleulxp Exvlqhvv F|foh Prgho/ Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh 44/ 6049
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Khdg/ Doohq +4<<:,/ Djjuhjdwh Ioxfwxdwlrqv zlwk Qdwlrqdo dqg Lqwhuqdwlrqdo Uhwxuqv wr Vfdoh/
plphr/ Txhhq*v Xqlyhuvlw|
Khdwkfrwh/ Mrqdwkdq dqg Ideul}lr Shuul +4<<<,/ Ilqdqfldo Dxwdun| dqg Lqwhuqdwlrqdo Exvlqhvv
F|fohv/ zrunlqj sdshu 653/ Vwrfnkrop Vfkrro ri Hfrqrplfv
Nhkrh/ Sdwulfn dqg Urehuwr Shuul +4<<9,/ Lqwhuqdwlrqdo Exvlqhvv F|fohv zlwk Hqgrjhqrxv Pdunhw
Lqfrpsohwhqhvv/ plphr/ Uhvhdufk Ghsduwphqw/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv
Nroopdqq/ Urehuw +4<<5,/ Frqvxpswlrq/ Uhdo H{fkdqjh Udwhv/ dqg wkh Vwuxfwxuh ri Lqwhuqdwlrqdo
Dvvhw Pdunhwv/ plphr/ Xqlyhuvlwì gh Prqwuìdo
Nrxsdulwvdv/ Plfkdho +4<<9,/ Qruwk0Vrxwk Ilqdqfldo Lqwhjudwlrq dqg Exvlqhvv F|fohv/ zrunlqj
sdshu <9043/ Ihghudo Uhvhuyh Edqn ri Fklfdjr
Oxfdv/ Urehuw H1 +4<::,/ Xqghuvwdqglqj Exvlqhvv F|fohv/ lq Nduo Euxqqhu dqg Dodq Phow}hu/
hgv1/ Vwdelol}dwlrq ri wkh Grphvwlf dqg Lqwhuqdwlrqdo Hfrqrp|1 Dpvwhugdp/ Qruwk Kroodqg
Sdun/ K|xqj0vrr +4<<;,/ Lqwhuqdwlrqdo Exvlqhvv F|foh dqg Wudqvplvvlrq Phfkdqlvp= Uhvroylqj
Sx}}ohv dqg Vrxufh ri Lqwhuqdwlrqdo Frpryhphqw/ plphr/ Xqlyhuvlw| ri Fdoliruqld dw Orv Dqjhohv
Ulfnhwwv/ Qlfkrodv dqg Wkrpdv PfFxug| +4<<8,/ Dq Lqwhuqdwlrqdo Hfrqrp| zlwk Frxqwu|0Vshflf
Prqh| dqg Surgxfwlylw| Jurzwk Surfhvvhv/ Fdqdgldq Mrxuqdo ri Hfrqrplfv 5;/ V4740V495
Vwrfnpdq/ Dodq dqg Olqgd Whvdu +4<<8,/ Wdvwhv dqg Whfkqrorj| lq d Wzr0Frxqwu| Prgho ri wkh
Exvlqhvv F|foh= H{sodlqlqj Lqwhuqdwlrqdo Frpryhphqwv/ Dphulfdq Hfrqrplf Uhylhz ;8/ 49;04;8
Vxpphuv/ U1 dqg D1 Khvwrq +4<<4,/ Wkh Shqq Zruog Wdeoh +Pdun 8,= Dq H{sdqghg Vhw ri
Lqwhuqdwlrqdo Frpsdulvrqv/ 4<830;;/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 439/ 65:069;
]lpphupdqq/ Fkulvwldq +4<<8,/ Lqwhuqdwlrqdo Wudgh ryhu wkh Exvlqhvv F|foh= Vw|ol}hg Idfwv dqg
Uhpdlqlqj Sx}}ohv/ fdklhu gh uhfkhufkh 6:/ Fhqwuh gh uhfkhufkh vxu o*hpsorl hw ohv  xfwxdwlrqv
ìfrqrpltxhv/ Xqlyhuvlwì gx Txìehf ã Prqwuìdo
47
Wdeoh 4= ENN Gdwd Vhw
Fruuhodwlrq ri Hdfk Frxqwu|*v Yduldeoh zlwk Vdph X1V1 Yduldeoh
Frxqwu| rxwsxw frqvxpswlrq lqyhvwphqw jryhuqphqw hpsor|phqw Vrorz
vshqglqj uhvlgxdo
Dxvwudold 184 014< 149 156 014; 185
Dxvwuld 16; 156 179 15< 17: 14:
Fdqdgd 1:9 17< 0134 0134 186 1:8
Iudqfh 174 16< 155 0153 159 16<
Jhupdq| 19< 17< 188 15; 185 198
Lwdo| 174 135 164 13< 0134 168
Mdsdq 193 177 189 144 165 18;
Vzlw}huodqg 175 173 16; 134 169 176
Xqlwhg Nlqjgrp 188 175 173 0137 19< 168
Hxursh 199 184 186 14; 166 189
edvholqh prgho 0154 1;; 0164  0164 158
Vhh Edfnxv/ Nhkrh dqg N|godqg +4<<8/ s1699,1
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Wdeoh 5= Vlpsoh fruuhodwlrqv
Zhljkwlqj vfkhph
Yduldeoh vlpsoh wudgh rxwsxw revhuy1 rev1 wudgh rev1 rxwsxw
rxwsxw/ 3194 3195 319; 3194 3196 319<
frqvxpswlrq +3135, +3136, +3136, +3135, +3136, +3136,
3133 3133 3133 3133 3133 3133
rxwsxw/ 319: 31:7 31:< 319; 31:8 31;3
lqyhvwphqw +3135, +3135, +3135, +3135, +3135, +3135,
3133 3133 3133 3133 3133 3133
rxwsxw/ 3164 3166 3163 3165 3166 3163
h{sruwv +3137, +3137, +3138, +3136, +3137, +3138,
3133 3133 3133 3133 3133 3133
rxwsxw/ 318< 3197 3198 3193 3198 3199
lpsruwv +3136, +3137, +3137, +3136, +3137, +3137,
3133 3133 3133 3133 3133 3133
rxwsxw/ 03135 03134 03136 03136 03135 03137
whupv ri wudgh +3137, +3139, +313;, +3137, +3139, +313;,
3196 31<3 31:3 317; 3193 317;
rxwsxw/ 0315< 03165 03166 0315< 03165 03167
wudgh edodqfh +3136, +3138, +3139, +3136, +3137, +3139,
3133 3133 3133 3133 3133 3133
whupv ri wudgh/ 03165 0314< 0313< 03163 03149 03139
wudgh edodqfh +3137, +3138, +3139, +3136, +3137, +3139,
3133 3133 3146 3133 3133 3163
vdylqjv/ 3177 3188 3196 3179 3189 3197
lqyhvwphqw +3137, +3137, +3137, +3136, +3136, +3136,
3133 3133 3133 3133 3133 3133
vdylqjv2rxwsxw/ 3148 3166 3177 314: 3168 317:
lqyhvwphqw2rxwsxw +3137, +3136, +3136, +3137, +3136, +3136,
3133 3133 3133 3133 3133 3133
Iluvw olqh lv dyhudjh fruuhodwlrq1
+Vhfrqg olqh lv vwdqgdug ghyldwlrq ri dyhudjh fruuhodwlrq1,
Wklug olqh lv s0ydoxh ri d "5 whvw iru K3 @ 31
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Wdeoh 6= M0fxuyh= fruuhodwlrqv ri whupv ri wudgh dw w zlwk wudgh edodqfh dw w. {
Zhljkw {
vfkhph 08 07 06 05 04 3 .4 .5 .6 .7 .8
vlpsoh 03144 03149 03155 03158 0315: 03165 03143 3138 3149 3157 315:
+3136, +3136, +3136, +3136, +3136, +3137, +3136, +3136, +3136, +3136, +3137,
3133 3133 3133 3133 3133 3133 3133 3143 3133 3133 3133
wudgh 0313; 03145 0314: 03153 03155 0314< 03137 3145 3158 3166 3165
+3137, +3137, +3137, +3136, +3136, +3138, +3138, +3137, +3137, +3136, +3137,
3137 3133 3133 3133 3133 3133 317< 3133 3133 3133 3133
rxwsxw 03139 0313: 0313< 03143 03145 0313< 3138 3153 3165 316< 3169
+3138, +3138, +3138, +3137, +3137, +3139, +313:, +3138, +3137, +3137, +3137,
315< 3154 313< 3135 3133 3146 3179 3133 3133 3133 3133
vlpsoh 0313< 03148 03154 03156 03158 03163 0313< 3139 314: 3157 315:
rev1 +3137, +3136, +3136, +3135, +3135, +3136, +3136, +3136, +3135, +3136, +3136,
3133 3133 3133 3133 3133 3133 3133 3136 3133 3133 3133
wudgh 0313: 03144 03148 0314: 0314< 03149 03134 3147 3158 3166 3165
rev1 +3137, +3137, +3136, +3136, +3136, +3137, +3138, +3137, +3136, +3136, +3136,
3138 3133 3133 3133 3133 3133 31;7 3133 3133 3133 3133
rxwsxw 03138 03138 03139 0313; 0313< 03139 313; 3155 3166 3173 3169
rev1 +3139, +3138, +3138, +3137, +3137, +3139, +313:, +3138, +3137, +3137, +3137,
316< 316; 3156 313; 3135 3163 315: 3133 3133 3133 3133
Iluvw olqh lv dyhudjh fruuhodwlrq1
+Vhfrqg olqh lv vwdqgdug ghyldwlrq ri dyhudjh fruuhodwlrq1,
Wklug olqh lv s0ydoxh ri d "5 whvw iru K3 @ 31
4:
Wdeoh 7= Furvv0fruuhodwlrqv
Ixoo Vdpsoh Srvw04<:6
Zhljkwlqj vfkhph Zhljkwlqj vfkhph
Yduldeoh vlpsoh wudgh rxwsxw vlpsoh wudgh rxwsxw
rxwsxw 3156 3163 3164 3163 3178 317<
+3136, +3139, +313:, +3136, +3137, +3138,
3133 3133 3133 3133 3133 3133
Lqyhvwphqw 3149 3154 3156 3154 315< 3166
+3136, +3138, +3139, +3136, +3138, +3139,
3133 3133 3133 3133 3133 3133
Frqvxpswlrq 3147 3153 3158 3148 3154 315:
+3136, +3137, +3139, +3136, +3137, +3139,
3133 3133 3133 3133 3133 3133
Hpsor|phqw 3153 314< 314: 3154 3157 3156
+3136, +3137, +3138, +3136, +3137, +3139,
3133 3133 3133 3133 3133 3133
Wrwdo krxuv 3156 3163 3166 3156 3163 3166
+3136, +3139, +313:, +3136, +3139, +313:,
3133 3133 3133 3133 3133 3133
Hpsor|phqw 3158 3156 3154 3154 3156 3154
+3136, +3138, +3139, +3136, +3138, +3139,
3133 3133 3133 3133 3133 3133
Surgxfwlylw| 3149 315; 315; 3153 316; 3177
+iurp | dqg q rqo|, +3136, +3139, +313:, +3136, +3138, +3139,
3133 3133 3133 3133 3133 3133
Surgxfwlylw| 313: 3153 3155 313< 315: 3168
+ehvw dydlodeoh,2 +3135, +3137, +3139, +3135, +3137, +3138,
3133 3133 3133 3133 3133 3135
Iluvw olqh lv dyhudjh fruuhodwlrq1
+Vhfrqg olqh lv vwdqgdug ghyldwlrq ri dyhudjh fruuhodwlrq1,
Wklug olqh lv s0ydoxh ri d "5 whvw iru K3 @ 31
4= Iru wkrvh frxqwulhv iru zklfk wrwdo krxuv duh phdvxuhg1
5= Xvhv fdslwdo vwrfn zkhq dydlodeoh/ rwkhuzlvh | dqg q rqo|1
4;
Wdeoh 8= Furvv0fruuhodwlrqv txdqwlohv
Ixoo Vdpsoh Srvw04<:6
Zhljkwlqj vfkhph Zhljkwlqj vfkhph
Yduldeoh vlpsoh wudgh rxwsxw vlpsoh wudgh rxwsxw
58(
rxwsxw 3143 3154 3158 3148 3167 3173
Frqvxpswlrq 03135 3134 313: 03137 3135 313;
Lqyhvwphqw 03135 313< 3147 3136 314< 3155
Hpsor|phqw 3135 3133 03135 3135 3133 3133
Surgxfwlylw| 3138 3148 3148 3139 3156 3168
Krxuv 313< 314; 3156 313: 3153 3157
83(
rxwsxw 3159 3164 3164 3167 317; 3185
Frqvxpswlrq 3147 3155 3166 314: 3157 316:
Lqyhvwphqw 314; 3159 3159 3155 3165 316:
Hpsor|phqw 3153 314: 3144 3155 3154 314;
Surgxfwlylw| 314; 315< 3164 3153 3175 317:
Krxuv 3157 315; 315< 3159 3173 317<
:8(
rxwsxw 316: 3175 3173 3179 3194 3194
Frqvxpswlrq 3166 3173 3173 3167 3176 3177
Lqyhvwphqw 3165 3167 3164 316; 3177 3186
Hpsor|phqw 3169 316: 316: 3173 3184 3185
Surgxfwlylw| 315< 316: 3169 316: 3184 3193
Krxuv 3168 3173 3173 3174 3187 3187
4<
Wdeoh 9= Furvv0fruuhodwlrqv/ dowhuqdwlyh whvwv
Ixoo Vdpsoh Srvw04<:6
Zhljkwlqj vfkhph Zhljkwlqj vfkhph
Whvw vlpsoh wudgh rxwsxw vlpsoh wudgh rxwsxw
S0ydoxhv
Kf = fru+|> |
W, @ fru+f> fW, 3136 3148 3183 3133 3133 3133
Kf = fru+|> |
W, @ fru+}> }W, 3146 31:8 31:< 3135 3165 317:
Kf = fru+}> }
W, @ fru+f> fW, 3193 315; 31:3 3154 3134 3137
Kf = fru+|> |
W, @ fru+q>qW, 3177 3144 3145 3139 3133 3133
Kf = fru+|> |
W, @ fru+l> lW, 3145 3155 3174 3137 3134 3137
( ri rffxuuhqfhv
fru+|> |W, A fru+f> fW, 31:3 319< 3193 31:8 31;: 31<3
fru+|> |W, A fru+}> }W, 31:7 31:4 31:5 31:; 319< 318;
fru+}> }W, A fru+f> fW, 318; 3195 3187 318; 31:7 31:<
fru+|> |W, A fru+q>qW, 318: 31:3 31:6 318: 319< 31:8
fru+|> |W, A fru+l> lW, 3197 3198 318; 319; 31:: 31;5
fru+f> fW, A fru+}> }W, A fru+|> |W, 3137 3137 3137 3137 3134 3134
fru+|> |W, A fru+}> }W, A fru+f> fW, 316: 3169 3163 3163 3178 316<
|= rxwsxw> f= frqvxpswlrq> q= hpsor|phqw>
}= wrwdo surgxfwlylw| +ghqhg iurp | dqg q,1
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